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where Ps is the power received at each range gate in a profile, Pn is the mean noise atmosphere. Instead of using radar received power, the SNR is used to estimate the 154 background noise level and taken as the input to the cloud mask procedure.
155
The SNR value is treated as the brightness of a pixel in an image f x, y in our 156 hydrometeor detection method. In an image processing, the randomly Gaussian-157 distributed noise can be smoothed out by using a low pass filter, which gives a new Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -1035 Discuss., doi:10.5194/acp- , 2016 Manuscript under review for journal Atmos. Chem. 
183 where i and j are the indexes in a filter window which are 0 for the central pixel, and σ
184
is standard deviation of the Gaussian distribution for the window size of the kernel.
185
Equation (2) is used in our study to filter the radar SNR image. Note that the 186 convolution kernel is truncated at about three standard deviations away from the mean 187 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -1035 Discuss., doi:10.5194/acp- , 2016 Manuscript under review for journal Atmos. Chem. Phys. 2b3. It can be written as:
212
Thus the bilateral kernel will prevent averaging noises with signals, and vice versa. The 213 noise-reduced image h x, y is produced by convolving the bilateral kernel with the 214 input image x, y as: Note that a larger pthresh will keep the false positives lower but increase the false negative. with a mean value of 0.5 .
288
The three middle panels in Fig. 4 show the results after applying the noise reduction.
289
Comparing with the input signals, we can see that the background noise is well hydrometeor signals, the 5 5 spatial filter is further applied to the noise-reduced data.
295
The three right panels in Fig.4 show the final mask results. Generally, the hydrometeor 
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To further demonstrate the performance of our method to detect the hypothetical 304 clouds in Fig.4 a1, a2 , and a3, the false and failed detection rates are listed in the table Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -1035 Discuss., doi:10.5194/acp- , 2016 Manuscript under review for journal Atmos. Chem. Phys. 
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The lower two panels demonstrate the increased percentage of hydrometeor bins from 
